When gaseous exchange is avoided, a change in temperature of oxygenated blood alters its pH. Within the range of values for Pco, at 38°C of 25 and 130 mm Hg, and base excess of +10 and -14 m.equiv/1., we have found this effect to be dependent upon the respiratory state, there being an approximately linear inverse relationship between the temperature coefficient of pH and the log Pco 3 . Changes in metabolic state produced by the addition of acid or alkali did not significantly affect this relationship. The slops and position of pH: log Pco, buffer lines are altered by changes in temperature. At reduced temperatures the buffering capacity is increased, so that the addition of acid or alkali gave rise to smaller changes in pH. However, in view of the increased solubility of carbon dioxide, alterations in Pco, produced greater changes in pH. In the presence of a metabolic aridosis, reduction in temperature gave a shift to the right of the buffer line.
In the absence of cellular metabolism or damage, a change in the temperature of blood, in vitro, produces a reversible change in the acid-base state. Rosenthal (1948) found a linear relationship between changes in pH and temperature within the range 38° to 18°C, using blood in which the pH at 38°C was between 7.25 and 7.45. This change in pH per degree Centigrade is the temperature coefficient of pH. In the course of our studies on acid-base balance in patients undergoing cardiac surgery under profound hypothermia, we have found values for the temperature coefficient of pH which have differed significantly from the value of 0.0147 found by Rosenthal (1948) ; the lower the temperature of the patient the greater were these differences.
The aim of the present investiption was to determine the factors which may affect the temperature coefficient of pH. It was first correlated with the total acid-base state of blood, represented by the pH measured at 38°C; it was then correlated with the two component factors of the metabolic and respiratory states of the blood, the metabolic state being represented by the value of base excess (B.E.) measured at 38 C C using the nomogram of Siggaard and the respiratory state by the Pco, estimated at 38°C.
METHOD

Regulation of the metabolic state of blood.
Blood was withdrawn from the antecubital vein of two subjects, A and B, and clotting was prevented by the addition of heparin (0.5 mg/ ml). The blood from subject A was divided into four fractions, that from B into three. The seven fractions were cooled to 4°C, at which temperature we, like Gambino (1961) , have found that metabolism was reduced to a negligible rate during the period of investigation.
In order to obtain the range the values of base excess from +10 to -14 m.equiv/1., the fractions of blood were allowed to sediment or were lightly centrifuged; small quantities of saline, hydrochloric acid or sodium bicarbonate were then added to the plasma layer so that, following resuspension of the cells, there was a one-part-intwo-hundred dilution of the blood in all the fractions. These values included one of -9 m.equiv/1. in the blood from both subjects and so allowed a comparison to be made of their respective protein buffering capacities (due mainly to thenhaemoglobin contents).
Regulation of the respiratory state of blood.
One-ml samples were taken from each of the seven fractions. Nine different respiratory states were obtained in the samples by equilibration at three temperatures (38°, 30° and 20°C) using three carbon dioxide and oxygen mixtures (3.64, 5.18 and 7.62 per cent carbon dioxide). These mixtures were humidified at the temperature of equilibration and bubbled through the samples of blood at a rate of 12 ml/min. Using this technique, it has previously been shown (Burton, 1963) that equilibrium is reached within 12 minutes and that there is no significant change in metabolic state (Le. fall in base excess) when bubbling is continued for a further period of 20-30 minutes.
Measurement of the pH of blood samples.
The pH of all samples was measured at both 38° and 20°C using glass capillary electrodes (S.I.F.33, Electronic Instruments Limited). As shown in figure 1, both electrodes were connected to their own potentiometric bridge units (C33B, Electronic Instruments Limited), so allowing independent standardization of the electrodes. A (Semple, Mattock and Uncles, 1962) ). These have pH values at 38°C of 6. 840 and 7.416, and at 20°C of 6.881 and 7.429 respectively (Bates, 1962; Bates and Guggenheim, 1960) . Measurements were made alternately upon inorganic buffers and blood samples. The pH of a sample of blood was taken to be the reading obtained from the second of two successive samples drawn into an electrode; that taken for the inorganic buffers was the "plateau level", which was usually obtained from the second and subsequent samples. Between readings on dissimilar solutions, the electrodes were washed through with a small volume of neutral saline (Van Slyke, Weisiger and Van Slyke, 1949) .
Errors due to change in sensitivity of the electrodes to protein were excluded by periodically bringing the temperature of both electrodes to 38 °C and checking the similarity of their readings on both inorganic buffers and protein samples. When the temperature of a bath was altered, care was taken to ensure that the salt bridge was saturated with potassium chloride at the new temperature of measurement; it seemed likely that in this way variations in junction potentials, due to changes in concentration of potassium chloride, would be reduced to a minimum (Semple, 1961) . Once standardized, only slight readjustments of the settings for an electrode were required in any series of readings.
Three pairs of blood samples were equilibrated at a time and the pH measured at both 38° and 20°C. Duplicate estimations were then made and, to check that there had been no significant change in metabolic state during the period of equilibration, a further reading was taken on the first sample. If the differences between duplicate estimations exceeded 0.01 pH units, a further pair of readings was taken on another similar sample of equilibrated blood. The values quoted in tables I and II refer to the means of duplicate readings.
Calculation of the temperature coefficient of pH.
The pH was measured at both 38° and 20°C for each of the sixty-three combinations of metabolic and respiratory states of the blood. The corresponding temperature coefficients of pH for each combination was then calculated from:
Analysis of the carbon dioxide content of gas mixtures. The mixtures of carbon dioxide and oxygen were analyzed using a Haldane apparatus fitted with a 10-ml burette. During the analysis of gas mixtures containing only carbon dioxide and oxygen, we have found that the volume of oxygen passing from the burette through the absorbent to the atmosphere has been measurably greater than the volume of nitrogen passing in the reverse direction from the atmosphere to the burette. In order to prevent inaccuracy due to this cause, the potassium hydroxide absorbent was saturated with oxygen and equilibrium maintained by blowing oxygen over the mouth of the reservoir using a wide-bore T-piece.
Calculation of Pco 3 at the temperature of equili-
bration. In samples where the pH was measured at the temperature of equilibration, the Pco, of the sample in the electrode was calculated from:
where PB=barometric pressure (mm Hg).
PH 2 o=water vapour pressure (mm Hg), at the temperature of equilibration. Fco 2 =fractional concentration of carbon dioxide.
Estimation of Pco 2 at a temperature other than that of equilibration. When gaseous exchange is avoided, a change in temperature of blood produces not only a reversible change in pH but also in Pco 2 . Therefore, where the temperature of measurement of pH differed from that of equilibration, the Pco 2 at the temperature of measurement of pH could not be directly derived from the Fco 2 of the equilibrating gas. However, samples from each of the seven fractions of blood were equilibrated with three different carbon dioxide and oxygen mixtures at both 38° and 20°C and the pH measured at these temperatures. This enabled pH: log PcOj buffer lines to be drawn for each fraction using these values of pH, and the Pco, derived from the Fco 2 at the temperature of equilibration. By extrapolation of these buffer lines, approximate values of Pco 2 were estimated, at 38° and 20°C, for those samples in which the pH was measured at a temperature other than that of equilibration (Astrup, 1956; Astrup et al., 1960) .
Taking separately each condition of equilibration (i.e. respiratory state) and temperature of estimation, it was noted that similar values of Pco., were obtained in each of the seven fractions of blood. Also, for each condition of equilibration, the ratios between the values of Pco 2 estimated at 20°C and those estimated at 38°C were found to be independent of the metabolic state of the blood and fell within the range 0.46 to 0.40, with a mean value of 0.43. It was therefore assumed that the errors involved in the process of extrapolation would be reduced by the use of a constant ratio between the values of Pco 2 at one temperature of equilibration and those at another. The ratio Pco 2 at 20°C : Pco, at 38°C=0.43 : 1 was used to calculate the values of Pco 2 at 38°C for those samples which had been equilibrated at 20°C and vice versa.
Similarly, in those samples which had been equilibrated at 30 °C, taking the ratios between the values of Pco 2 at 30 °C (derived from the Fco 3 at that temperature) and those estimated from the 38°C buffer lines, it was found that Pco 2 at 30°C : Pco 2 at 38°C=0.705 : 1. Using these ratios, the values of Pco, at 38° and 20 °C were calculated for those samples which had been equilibrated at 30 °C.
Statistical methods.
The significance of the relationship between two variables was assessed from the correlation coefficient ("r") and, where applicable, the linear regression ("line of best fit") was then calculated.
The significance between differences in slope of regression lines was determined by a comparison of their regression coefficients (Snedecor, 1956) .
The effects of a further variable upon the locations of regression lines were investigated by the method of multiple correlation using two independent variables (Brownlee, 1949) . Tables I and II give the values of pH (mean of two) and Pco, at both 38° and 20°C in the sixtythree samples of blood; the columns refer to the metabolic states of the blood (four fractions from subject A (table I) and three from B (table II) ) and the rows refer to the nine respiratory states induced in each of these fractions. Figures 2 and The two fractions of blood which had the common value for base excess of -9 m.equiv/1. were derived from both groups of blood (from subjects A and B). A comparison of the regression coefficients (slopes) of their buffer lines at both 38°a nd 20°C has shown no significant difference (at 38 °C, variance ratio =1.49, degrees of freedom = 1 and 14, P>02; at 20°C, variance ratio= 0.034, degrees of freedom =1 and 14, P>0.2). It has been assumed, therefore, that the contribution of protein to the buffering capacity was similar in the two groups of blood.
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The relationship between the temperature coefficient of pH and the pH of blood measured at 38°C. Table IV shows the calculated values of temperature coefficient of pH related to the corresponding values of pH measured at 38°C. These are shown plotted in figure 5 ; the points form an elliptical cloud, with the high values of temperature coefficient corresponding to high values of pH, and vice versa.
The regression lines relating temperature coefficient of pH to the pH measured at 38°C were calculated for each of the seven fractions of blood taken separately and for the total group. It may be seen from table V that there was a high degree of correlation (r=0.6756, P<0.001) between the temperature coefficient of pH and the pH of blood measured at 38°C. However, when the regression lines for the seven fractions of blood were considered separately, it was found that there was a sequential arrangement in respect to both their slopes (regression coefficients) and their locations (intercept values, taken where the pH at 38 °C was 7.4). A comparison of the regression coefficients has shown that the variations in slope were significant (variance ratio=3.175, degrees of freedom=6 and 50, P<0.01). The multiple correlation method of expressing the temperature coefficient of pH as a function of both the pH measured at 38 °C and the values of base excess has shown that the estimate of temperature coefficient in terms of pH at 38°C was significantly affected by the value of base excess (variance ratio=103.3, degrees of freedom = 1 and 60, P<0.001). The regression lines for three representative fractions of blood, which had base excess values of +7, -2 and -14 m.equiv/ 1., are shown in figure 6 . Table VI shows the calculated values of temperature coefficient of pH corresponding to the metabolic and respiratory states of the blood. No significant correlation was found between the temperature coefficient of pH and the metabolic state of the blood (r=0.014, P>0.1). However, there was a highly significant negative correlation (r= -0.9122, P<0.001) between the temperature coefficient of pH and the log Pco 2 (table VII) . The relationship between the temperature coefficient of pH and the pH at 38*C, taking three representative fractions of blood (the triangles refer to the fraction having a base excess value of +7 m.equiv/1.; the crosses to the fraction having a base excess value of -2 m.equiv/1., and the circles to the fraction having a base excess value of -14 m.equiv/1.).. The regression lines relating the temperature coefficient of pH to the log Pco, at 38 °C were calculated for each of the seven fractions of blood taken separately and for the total group. When the regression lines were considered separately, little difference was found between their slopes or their locations (intercept values, taken where the Pco 3 at 38°C was 40 mm Hg). A comparison of their regression coefficients has shown that any variations in slope have no statistical significance (variance ratio=1.13, degrees of freedom=1 and 60, P<0.2). The multiple correlation method of expressing the temperature coefficient of pH as a function of both the log Pco 3 and values of base excess has shown that the estimate of temperature coefficient in terms of log Pco a was not significantly affected by the value of base excess (variance ratio=0.065, degrees of freedom =1 and 60, P<0.2). This contrasts with the sequential arrangement which was found for the regression lines relating the temperature coefficient to the pH measured at 38°C (table V) .
The relationship between the temperature coefficient of pH and the metabolic and respiratory states of blood.
Statistics relating to the measured at 38°C, taking
The common regression line may, therefore, be taken to represent the relationship between temperature coefficient of pH and the log Pco a .
This line is shown by the equation:
Temperature coefficient of pH =0.01963-0.003038 log Pco, at 38°C ...(1) From figure 7 it may be seen that the scatter of points about the common regression line relating temperature coefficient of pH to the log Pco, at 38°C is much less than about the line relating it to the pH measured at 38°C (fig. 5 ).
The pH:log Pco, buffer lines at temperatures other than that of equilibration can be calculated, provided that the relevant Pco 3 ratios and the temperature coefficients of pH are known. One method of deriving a buffer line at 20°C from values estimated at 38°C is illustrated in figure  8 . The continuous Line represents the buffer Line obtained at 38 C C from the blood which had the base excess value of -2 m.equiv/1. Points A and B upon this line have values for log Pco., of 2.1 and 1.5 respectively. If samples of blood having these values were to be cooled to 20°C, avoiding gaseous exchange, it may be calculated from equation (1) that the pH measured at 20°C would rise by 0.241 units in the sample at point A and by 0.271 units in the sample at point B; there would be a fall in log Pco 3 of 0.3665 (i.e. log 1/0.43) in both samples. Applying these corrections points A' and B' are obtained, through which the 20° C buffer Line may be drawn (interrupted Line). Over the range for log Pco s of 1.0 to 2.0 (Le. Pco, between 10 and 100 mm Hg) it was found that the differences in pH between this Line and that derived experimentally did not exceed 0.003 units. The relationship between the temperature coefficient of pH and the Pco, of blood estimated at 38°C (plotted using a logarithmic scale), drawn from the values presented in table VI. For description, see text.
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DISCUSSION
When gaseous exchange is avoided, a change in temperature of oxygenated blood alters its pH. We have found this effect to be dependent upon the respiratory state, there being an approximately linear inverse relationship between the temperature coefficient of pH and the log Pco a (measured at any particular reference temperature, e.g. at 38°C).
In each fraction of blood the relationship between the pH and log Pco 2 is essentially linear. In view of this, the finding of a linear relationship between the temperature coefficient of pH and the pH measured at 38 °C, in each fraction of blood, was to be expected. Since the positions of the pH:log Pco 3 lines are dependent upon the metabolic state, the positions of the lines relating the temperature coefficient to the pH are also dependent upon the base excess values. In view of the inverse relationship between the temperature coefficient of pH and the log Pco u the distribution of the lines relating the temperature coefficient to the pH is similar to the inverse of the corresponding pH:log PcOj lines (figs. 2 and 6).
An effect of the respiratory state upon the temperature coefficient of pH of plasma has been described by Cullen, Keeler and Robinson (1925) , who used a temperature correction factor when estimating the pH colorimetrically. As suggested by Stadie, Austin and Robinson (1925) and Severinghaus (1959) , it is likely that variations in the protein buffering capacity will also affect the value of temperature coefficient of pH. Work is in progress in order to determine the effects of changes in haemoglobin concentration.
From equation (1), it may be calculated that when the Pco, measured at 38 °C is 40 mm Hg, the temperature coefficient of pH is 0.01476. This agrees closely with the values of 0.0147 found by Rosenthal (1948) and 0.0149 found by Graig and associates (1952) .
The ratio of the Pco 3 at one temperature to that at another was not significantly affected by the respiratory state of the blood, nor by variations in the metabolic state produced by the additions of acid or alkali. The Pco, ratios of 0.43 and 0.705 which we have found for the temperature changes of 38° to 20°C and 38° to 30°C agree closely with the values of 0.435 and 0.71 calculated from the data of Bradley, Stupfel and Severinghaus (1956) , taking the pH at 38°C to be 7.4. These workers assumed a constant value of 0.0147 for the temperature coefficient of pH and it may have been for this reason they concluded that the changes in Pco, with temperature were affected by the acid-base state.
Changes in temperature affect the slopes and positions of pH: log Pco 3 buffer lines. At reduced temperatures it was found that the buffering capacity of blood was increased, so that the addition of acid or alkali gave rise to a smaller change in pH and the buffer lines were, therefore, closer together. Similarly any change in carbonic acid content (Le. volume of carbon dioxide in solution) produced a lesser effect upon the pH. However, taking into account the increase in solubility of carbon dioxide at low temperatures, a change in tension of carbon dioxide gave rise to a proportionately greater change in pH. The slope of the buffer lines was, therefore, reduced. It was found that the regression coefficient fell approxi-mately 0.0031 per degree Centigrade reduction in temperature.
The relative positions of pH:log Pco 3 buffer lines at different temperatures was found to be dependent upon the metabolic state ( fig. 4) . For blood in which this was normal or in which there was a metabolic alkalosis, the corresponding lines were closely approximated or crossing in the normal physiological range of Pco,. Under these conditions, if the Pco, were to be maintained constant during a change in temperature, there would be little change in pH. In the presence of a metabolic acidosis, the corresponding buffer lines were more separated. As was described by Brewin and his colleagues (1955) , the buffer line for the lower temperature lies to the side of higher pH.
ADDENDUM
Since this paper was submitted for publication (June 23, 1964) , Adamsons et al. (1964) have also shown that the temperature coefficient of pH (ApH) is dependent upon both the pH of blood measured at 38*C (pH,,) and the metabolic state. When this was expressed as the carbon dioxide content (CO,), the relationship could be represented by the equation: = 0.0146-0.005(7.4-pH JB ) + 0.00005(20-CO 1 ).
In our series, the multiple correlation method of expressing the temperature coefficient of pH as a function of both the pH measured at 38 °C and the metabolic state (expressed as the value of base excess, B.E.) gave the equation: ApH=-0.0221+0.00504 pH 3 .-0.0000645 B.E.
This may be rewritten as: ApH =0.0147-0.00504(7.4-pH,,) + 0.0000645(7-B.E.) which is remarkably similar to the equation given by Adamsons et al., except that the metabolic state of the blood is expressed as the base excess instead of carbon dioxide content.
However, we have found a significant difference between the slopes of the separate regression lines relating the temperature coefficient of pH to the pH measured at 38 °C in the seven fractions of blood (p. 98), indicating that the first partial regression coefficient (-0.00504) was dependent upon the metabolic state. Similarly it was found that the second partial regression coefficient ( + 0.0000645) was affected by the pH measured at 38 °C. In view of these variations in the partial regression coefficients, this equation was not included in the text.
We have shown that the relationship between the temperature coefficient of pH and the log Pco, was not affected by changes in base excess or pH (p. 100) and, therefore, prefer to use this relationship in order to estimate the pH at a temperature other than that of equilibration. 
LES EFFETS DE L'EQUILIBRE ACIDO-
THE FOURTH CONGRESS OF THE WORLD FEDERATION OF SOCIETIES OF ANAESTHESIOLOGISTS.
The fourth Congress of the World Federation of Societies of Anaesthesiologists will be held in London in the second week of September 1968.
The host society is the Association of Anaesthetists of Great Britain and Ireland, and the following are the members of the Organizing Committee:
